to the plasma potassium concentration or blood platelet count.
The difference between serum and plasma potassium concentrations is well known, but we believe the clinical significance of the intra-and interindividual variability of the difference is not fully appreciated. This variability differs between types of blood collection tubes, possibly because of the extent of clot retraction induced by the surface of the tube or the clotting accelerator. Even for the sample tube showing the least variable potassium release (tube D; Becton Dickinson), serum remains an unsuitable medium for managing patients in whom potassium homeostasis is important, particularly because most standard medical texts base management on plasma concentrations (5) (6) (7) . The extent of potassium release during clotting or during delays in the separation of serum from cells means that a true plasma potassium in the middle of the reference interval (4.16 mmol/L) may range from 3.82 to 5.44 mmol/L in a simultaneously taken serum sample (tube C); the variation is unpredictable, unrelated to the plasma concentration, and additive to the inherent biological variation in potassium concentrations. A reference interval derived from serum samples would be wider than the interval derived from plasma and would cause truly abnormal concentrations to be masked, e.g., hyperkalemia associated with a small release on clotting or hypokalemia associated with a large release on clotting.
These studies were conducted on hospital outpatients, but because we instituted a policy of requesting plasma when a serum result fell outside the reference interval, we have observed even greater differences in hospital inpatients with disorders, such as diabetic ketoacidosis, in which the potassium balance may be critical.
Plasma is the preferred medium for the determination of potassium concentration, although it is not ideal for many other biochemical analyses. When serum is to be used, laboratories should be aware of the additional variability observed with this medium and the extent to which this is affected by their choice of sample tube. The intestinal fatty acid-binding protein (IFABP) is located in the intestine and is involved with long-chain fatty acid transport and metabolism (1 ) . The FABP2 gene at chromosome 4q28-31 encodes IFABP. Genetic variation at this locus could lead to altered fatty acid absorption and energy metabolism. A common point mutation (G3 A) in the gene for IFABP, with an allele frequency of the A allele of ϳ0.29 (2 ) , generates an amino acid substitution at codon 54 (alanine3threonine), which was found to be associated with insulin resistance and increased fat oxidation in Pima Indians (2 ) . Recently, genetic variation at this locus has been reviewed in terms of plasma lipid response to diet (3 ). The current evidence indicates that the IFABP threonine variant is often associated with a more deleterious phenotypic expression, i.e., impaired glucose tolerance, obesity, and altered lipid and lipoprotein profiles (3 ) . In vivo studies also support a functional difference between the alanine-and threonine-containing proteins: Caco-2 cells that express the threonine-containing protein transport long-chain fatty acids and secrete triglycerides to a greater extent than cells that express the alanine-containing protein (4 ) . Therefore this variant is an obvious candidate for examining this gene by the use of diet interactions.
Genotyping Method for Point Mutation Detection in the
The established procedure for genotyping the G3 A mutation includes restriction digestion with HhaI, which cleaves the natural restriction site in the wild-type (G54) PCR product (2 ) . The restriction enzyme digestion is then followed by electrophoresis on a 3.5% agarose gel. We report here the successful implementation of an alternative method for genotyping this point mutation, using the Perkin-Elmer/Applied Biosystems 7700 Sequence Detection Systems (SDS) and TaqMan reagents.
The 7700 SDS is a combination of a thermal cycler and a laser-induced fluorescent detector. The technique also involves the use of probes, which are labeled at the 5Ј end with a reporter fluorescent dye and at the 3Ј end with a fluorescence quencher (5 ) . Two probes are used; one probe is complementary to the wild-type DNA strand, and the other probe is complementary to the DNA strand with the G3 A mutation. The two probes have different reporter dyes, 6-carboxy-fluorescein (FAM) and VIC ® , which are attached to their 5Ј ends. The dye 6-carboxytetramethylrhodamine (TAMRA) is used as the quencher dye and is attached to the 3Ј end of each probe. TAMRA will suppress fluorescence from the reporter when the probe is intact (6 ) . During the PCR reaction, the probe will hybridize to its complimentary target sequence in the PCR product. The AmpliTaq Gold DNA polymerase will cleave with its 5Ј-3Ј nuclease activity the TaqMan probe that is hybridized (6 ) . This cleavage will release the reporter dye and increase the reporter's fluorescence, which is detected by the fluorescent detector.
PCR was performed in a 10-L final volume and contained 5 L of TaqMan 2ϫ Universal PCR Master Mix [AmpliTaq Gold polymerase, Amperase uracil-N-glycosylase, dUTP, dGTP, dCTP, dATP, 6-carboxy-x-rhodamine (ROX) dye, Tris-HCl, KCl, MgCl 2 ], 200 nmol/L mutant allele probe (5ЈFAM-CAAAGAATCAAGCACTTTTC-GAAACATTG-TAMRA3Ј), 150 nmol/L VIC wild-type allele probe (5ЈVIC-CAAAGAATCAAGCGCTTTTCGAA-ACA-TAMRA3Ј), 900 nmol/L forward primer (5ЈGCAGCT-CATGACAATTTGAAGCT3Ј), 900 nmol/L reverse primer (5ЈGGTGACACCAAGTTCAAAAACAAC3Ј), and 2-20 ng of genomic DNA. The TaqMan 2ϫ PCR Master Mix includes the enzyme uracil-N-glycosylase, which removes any uracil incorporated into double-stranded DNA and prevents contamination by carryover PCR products. An initial incubation of 2 min at 50°C is necessary for uracil-N-glycosylase to be active. ROX is a passive internal reference for normalizing reporter dye signals during data analysis. The AmpliTaq Gold DNA polymerase included in the TaqMan master mix requires incubation at 95°C for 10 min for full activity. The primers used in the PCR will amplify a 111-bp region containing the mutation site. The PCR program includes one cycle at 50°C for 2 min, one cycle at 95°C for 10 min, and then 40 cycles of 95°C for 15 s for melting and 63°C for 60 s for annealing/extending.
After the PCR was finished, allelic discrimination was performed on the post-PCR product. Thermal cyclers other than the 7700 SDS can be used for PCR, after which the products can be transferred to the 7700 SDS for measurement of fluorescence. The instrument collects fluorescence data on the samples for ϳ5 s. The SDS software can be used to analyze the fluorescence and then present the results in an easy-to-read graph form (Fig. 1 ). There is a potential for four clusters of points, which correspond to the genotypes of GG, GA, or AA, or no amplification. If there is fluorescence from only the reporter for the wild-type allele, then the sample is genotyped as GG. If there is fluorescence only from the reporter for the mutant allele, then the subject is genotyped as AA. If there is intermediate fluorescence from both reporters, the sample is genotyped as GA. If fluorescence is not detected from either reporter, then PCR failed for that sample.
We validated this technique in a sample of 1253 Caucasian subjects. The genotype frequency was GG, 662 (52.8%); GA, 502 (40.1%); and AA, 89 (7.1%). The gene frequency for the A allele was 27.1%, which is similar to that described by other studies (2 ) . This method of genotyping using fluorescent probes is accurate. We genotyped 40 samples, using both the fluorescent probe method and the traditional enzyme restriction and found no disagreement in the genotypes. There are many advantages to this method. Ninety-six samples can be completely genotyped for this point mutation in ϳ2 h. This method of mutation detection is ideal for large-scale studies and high-throughput laboratories. This method appears to tolerate a large range of DNA concentrations; therefore, it is not necessary to know DNA concentrations beforehand. The detection of fluorescence is very sensitive; hence, there is a very low rate of failure (Ͻ1%) for allelic discrimination. It is no longer necessary to use restriction enzymes, agar, or ethidium bromide, which makes this method very appealing for saving time, money, and minimizing health risks. The cost of genotyping is less than $1.00 per sample for all of the reagents and plasticware. The initial monetary investment in the 7700 SDS is substantial, but savings may be seen over time.
This work was supported by Grant HL54776 from the National Heart Lung, and Blood Institute; Cooperative Plot of fluorescence of VIC (G allele, wild-type) and FAM (A allele, mutant). Fluorescence was measured at 518 nm (FAM), 548 nm (VIC), and 582 nm (TAMRA). To normalize for well-to-well variability in probe concentration, the intensities at 518 and 548 nm were divided by the intensity at 582 nm. AA, homozygous mutant; AG, heterozygous; GG, homozygous wild type. Apolipoproteins play a central role in cholesterol transport by their association to lipoproteins and their function as ligands for receptors, cofactors, or structural proteins. Mutations and polymorphisms in a variety of apolipoproteins lead to lipoprotein metabolism disorders and/or susceptibility to cardiovascular disease. In familial defective apolipoprotein B-100, the clearance of LDL particles from the circulation is impaired because of reduced affinity of the apolipoprotein (apo) B component of LDL for the LDL receptor as a result of a G-to-A mutation at nucleotide 10708 in exon 26 of the apoB gene, which causes substitution of Arg 3500 for Gln (1, 2 ) . The frequency of the mutation is 1 in 700 in the general population (3 ). Heterozygous individuals have increased serum concentrations of cholesterol. Apolipoprotein E (apoE) likewise is involved in the clearance of HDL, contributing to reverse cholesterol transport (4 ) . Genetic variation at the APOE locus in humans is an important determinant of plasma lipid concentrations and relative risk of atherosclerosis (5 ). Among several rare variants, three major alleles have been identified in the population: E2, E3, and E4. The most common E3 isoform is distinguished by cysteine at position 112 and arginine at position 158 in the receptor-binding region of apoE. The E4 isoform (Arg 112 and Arg 158 ) is associated with increased cholesterol, thus enhancing the risk of heart disease (5 ). In addition, E4/E4 individuals have a very high risk for developing Alzheimer disease (6 ) . Most patients with type III hyperlipidemia are homozygous for the E2 allele (Cys 112 and Cys 158 ). To date, genotyping for apoE is mainly performed by PCR, followed by digestion with restriction enzymes and restriction fragment length polymorphism (RFLP) analysis, and separation of the resulting DNA fragments on agarose or acrylamide gels (7 ) . For apoB3500, an allelespecific PCR method is widely used (8 ). These nonhomogeneous methods give rise to unequivocal results, but they are time-consuming and require optimization of the PCR reaction to eliminate nonspecific PCR products, which would disturb the genetic analysis. Recently, a new detection methodology that relies on hybridization of amplicon-specific oligonucleotides with adjacent fluorophores capable of fluorescence resonance energy transfer has been introduced and used in a new high-speed thermal cycler (LightCycler; Roche Diagnostics) that uses glass capillaries and hot air for heating (9 ). This technology allows the real-time detection of the specific amplicon, followed by detection of the mutation by identification of the melting behavior of one of the two hybridization oligonucleotides (10 ). To this end, one hybridization primer matches the wild-type sequence (or mutant sequence), with the variable nucleotide in the middle of the sequence, and has LC-red640 as the fluorophore at its 5Ј end (detection probe, phosphorylated at 3Ј end); a second hybridization primer (anchor primer) is located proximally by a distance of one to three nucleotides and is labeled with fluorescein at its 3Ј end. During cycling, the hybridization probes hybridize the specific PCR product at the annealing temperature, and fluorescence is monitored. Cycling conditions are very fast because of temperature adjustments in the glass capillary (high surface-to-volume ratio). Following completion of the PCR, the PCR mixture is denatured and the temperature is lowered to 40°C to facilitate binding of the hybridization probes, generating maximum fluorescence, and then slowly increased to 80°C to permit melting of the detection probe, which is monitored by the decline of the fluorescence. This is being performed in the LightCycler itself, which has an integral device that enables denaturation and fluorescence detection. Melting curves are converted to melting peaks allowing easy distinction of the wild type from the mutant. The whole process is completed within 30 min.
We have used genomic DNA isolated from EDTA blood from individuals who previously had been typed by PCR-RFLP (apoE) and mutation-specific priming (apoB3500). The primers for the apoE PCR were CA1 5Ј-TTGAAGGCCTA-CAAATCGGAACTG-3Ј and CA2 5Ј-CCGGCTGCCCAT-CTCCTCCATCCG-3Ј, which produce a 462-bp PCR product from genomic DNA. The primers for the apoB gene were UOL-A 5Ј-GGAGCAGTTGACCACAAGCTTAGCTTGG-3Ј and LOL-A 5Ј-AGAGTTCCAGGGTGGCTTTGCTTGTA-TG-3Ј, which produced a 352-bp PCR product. The 3Ј-phosphorylated detection primer for apoE112 was E4-112M (LC-red640-ACATGGAGGACGTGCGCGG-p). The anchor primer E4-112A (CTGCAGGCGGCGCAGGCCCGGCT-GGGCGC-fluorescein) was located proximal to the detection
